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Abstract. Procedures are described for processing fish for examination of external and internal anomalies and
pathologies indicative of exposure to environmental contaminants and other perturbations. For the procedures
described here, fish are captured (preferably by electrofishing) and held alive until processing (generally <1 h).
Fish are weighed, measured, and necropsied, and a scale sample is obtained from for age determination.
Information is given for the collection and preservation of tissue samples for histopathological analysis.
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includes recommendations for record keeping, sample labeling, and shipping records, equipment, supplies, and
samples. A list of suggested equipment and supplies for field processing is included as are instructions for clean-
ing equipment.

Keywords: contaminants, fish health, external anomalies, internal anomalies, histopathology.

Suggested citation:

Smith, S.B., Donahue, A.P., Lipkin, R.J., Blazer, V.S., Schmitt, C.J., and Goede, R.W., 2002, Illustrated field guide
for assessing external and internal anomalies in fish: U.S. Geological Survey, Information and Technology
Report, 2002-0007, 46 p.



Conversion Factors

Multiply By To Obtain
Length
micron (um) 0.00003937 inch
millimeter (mm) 0.03937 inch
centimeter (cm) 0.3937 inch
meter (m) 3.281 foot
Area
square centimeter (cm?) 0.001076 square foot
Volume
liter (L) 0.264 gallon
milliliter (mL) 0.000264 gallon
Mass
gram (g) 0.03527 ounce, avoirdupois
kilogram (kg) 0.453 pound



1.0 INTRODUCTION

1.1 Background and Development of this
Document

This illustrated field guide was developed from and is
intended as a companion to an earlier report published
by the U.S. Geological Survey (USGS) Biomonitoring
Status and Trends (BEST) Program that described
field procedures for assessing the exposure of fish to
environmental contaminants (Schmitt and others,
1999). The earlier document incorporated information
and procedures from numerous other sources, includ-
ing Columbia Environmental Research Center and
National Water Quality Assessment (NAWQA)
Program SOPs, and study plans, reports, books,
manuals, and reports from other studies (Lagler, 1956;
Lagler and others, 1962; Smith, 1973; Hunn, 1988;
Meyer and Barclay, 1990; Baker and others, 1997).
The health assessments based on field observations
were originally developed from the procedures of
Goede (1989, 1996) as described by Goede and
Barton (1990). The earlier document (Schmitt and
others, 1999) was cross-referenced to Goede’s (1988)
color atlas of pathologies in salmonid fishes. Here we
have made the field assessment procedures more gen-
erally applicable (that is, for use in a wider geographic
area and for use by other programs and studies) by
including photographs of other fishes to aid biologists
in the identification of various grossly visible external
and internal anomalies. However, the cross-references
to Geode (1988) have been retained for use with
salmonids and for pathologies for which photographs
in other taxa were not available.

1.2 Scope and Intent of this Report

Together with the earlier document (Schmitt and oth-
ers, 1999), this report describes procedures to be used
for monitoring and assessing the exposure of fish to
environmental contaminants and other stressors. We
describe how to examine and handle freshly captured
fish, and how to collect, store, and ship the tissues
necessary for further examination. This report is not
intended as a guidance document or protocol for
selecting methods, nor does it contain information for
interpreting study results based on the use of methods
in the guide. The rationale for selecting this particular
suite of methods, as well as information on the inter-
pretation of findings, is presented elsewhere
(Biomonitoring of Environmental Status and Trends,
1996; Schmitt and Dethloff, 2000; Meador and others,
1993). The procedures we describe are primarily
post-fish collection; although information on prepar-
ing for and organizing a study and suggested methods
for documenting the date, time, and location of collec-
tion are included, most of the actual procedures begin
after fish have been collected. Procedures are speci-

fied for making observations by using photographs
and collecting information and tissues; preserving,
wrapping and packaging samples; numbering samples
and recording data; and storing and shipping samples
and records. We also provide instructions for docu-
menting (see Appendix A-1) the type of equipment
used to collect the fish, the duration of the fishing
effort, and the location of the collection site. A list of
suggested equipment and supplies is also provided.
To the extent possible, the procedures conform to
Good Laboratory Practices (U.S. Environmental
Protection Agency, 1989); however, quality assurance
and quality control issues are beyond the scope of this
document. Depending on the purpose and design of
the study, it may be necessary to utilize or develop
additional project-specific protocols and standard
operating procedures (SOPs) conforming to this guide,
as well as a quality assurance plan. Collection loca-
tions and times, preferred taxa, exact numbers of
samples, modifications or additions to standard proce-
dures, and field and laboratory cooperators should be
identified in the work/study plan or protocol under
which the procedures described in this guide are used.
This guide and its sample data forms may be photo-
copied or otherwise reproduced on waterproof paper
for field use.

Fish collections conducted under the auspices of
USGS monitoring programs (BEST and NAWQA)
include observations of external anomalies. The
BEST program, as well many smaller-scale research
projects, also examine internal organs. Fish are often
collected from areas where contaminants are present
at concentrations that may affect the health of individ-
ual fish. Contaminants of concern include polycylcic
aromatic hydrocarbons (PAHS), such as chrysene and
phenantherene; organochlorine pesticides (DDT,
toxaphene); industrial compounds (polychlorinated
biphenyls - PCBs, and polychlorinated dibenzo-p-
dioxins); metals (mercury, lead); metalloids (arsenic,
selenium); currently used pesticides (atrazine,
propanil, chlorpyriphos); and pharmaceuticals.
Nevertheless, it is important to note that this guide
does not include specific diagnoses; rather, it provides
more generic identifications of observable conditions.
Diagnosis can only be accomplished through
histopathology and other laboratory expertise.

The methods described in this report and in the previ-
ous document (Schmitt and others, 1999) have been
used extensively by the authors. Nevertheless, the
procedures may need to be altered by investigators
using this guide to collect tissue types and quantities
that meet the needs of different work/study plans or
protocols. Corresponding changes may also need to
be made in the lists of required equipment and sup-
plies.
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1.3 Typographic Conventions
Within this document, the following typographic con-
ventions are used:
* Important actions, notes, and reminders
are indicated in bold or italics.
* Information to be recorded is also indi-
cated in bold.
e The cross symbol (4) indicates a health-
or safety-related item.

1.4 Animal Welfare

The procedures described in this guide conform to the
American Society of Ichthyologists and Herpetologists
(ASIH), American Fisheries Society (AFS), and
American Institute of Fishery Research Biologists
(AIFRB) “Guidelines for Use of Fishes in Field
Research” (ASIH and others, 1988); and with all
known SOPs and guidelines for the humane treatment
and disposal of test organisms during culture and
experimentation.

2.0 RoLES AND RESPONSIBILITIES

Generally, studies based on this illustrated field guide
will have field and laboratory components; we
describe only the field portions. Conducting or other-
wise arranging for necessary laboratory analyses is
usually the responsibility of the principal investigator,
project chief, or study manager. Activities and
responsibilities of field cooperators and personnel
include: coordinating and conducting sample collec-
tions; ensuring that personnel are trained in the opera-
tion of electrofishing, global positioning system
(GPS), and photographic equipment (which are all
beyond the scope of this guide); conforming to all per-
tinent health, safety, certification (watercraft opera-
tion, electrofishing, and so forth); collection permit
requirements (both state and federal collection permits
and their required reporting and pre-notification);
securing prior written permission to enter private
lands; ensuring that boats, motors, trailers, and other
equipment are properly cleaned after sampling (to
thwart the transport of living organisms between
waterways); and shipping samples and records to
cooperators and laboratories. Consult the work/study
plan to determine the species and number of speci-
mens required; this information is necessary under the
terms of many collection permits. Walsh and Meador
(1998) present additional information that may be use-
ful in the collection of fishes.

Note: The health and safety items presented here con-
formed to all regulations at the time this guide was
prepared. However, regulations governing the hand-
ing and shipment of chemicals and samples and the
use of certain types of equipment are subject to

change. It is the responsibility of the parties using
this guide to ascertain and conform to these regula-
tions.

Note: At least one representative of each field team
should have documented firsthand experience in the
conduct of the procedures described in this guide.

2.1 Landowner Permission

If travel across or sampling on private property is nec-
essary, obtain permission from the landowner or a rep-
resentative of the landowner, and have them sign and
date a form prepared for that station (referred to as a
Station Identification Form; see Appendix A-1 for an
example) to indicate landowner consent in advance of
each entry.

Note: If prior written permission cannot be obtained,
do not enter!

2.2 Shipment of Samples and Records
Restrictions on shipping histopathology samples will
depend on the fixative used. Check with shipping
companies about samples in fixative—shipping by
ground transport in properly labeled boxes will likely
be required. Project participants may consider using
Chain-of-Custody (COC) Forms when shipping or
mailing samples and data, even if it is not required.
An example of a COC form can be found in Schmitt
and others (1999).

2.3 Shipment of Equipment and Supplies
When sampling multiple sites with multiple teams, the
use of non-expendable equipment (that is, coolers,
balances, and so forth) should be coordinated among
cooperators. To expedite the flow of non-expendable
equipment, it is important to plan schedules as far in
advance as possible. This will help to ensure that the
equipment reaches each team when they need it!

2.4 Determining the Age of Fish

Information on the age of each fish is important for
interpreting the results of certain anomalies. This doc-
ument does not specify procedures for determining the
age of specimens collected, but does provide informa-
tion on structures for age determination and their col-
lection procedures. Techniques for aging fish are
described by Tesch (1971), Jearld (1983), Blouin and
Hall (1990), Frie (1982), Weisburg and Frie (1987)
and in most fishery biology texts (for example, Lagler
1956; Neilson and Johnson, 1983; Kocovsky, personal
communication).

2.5 Photographs and Videotape
Photographs or color slides of sampling sites and
operations are desirable, both for presentations and as
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arecord. It is also advantageous to photographically
record any lesions or other anomalies identified during
the fish health assessment, as noted in the instructions.

Note: It is generally better (in terms of quality and
expense) to take multiple photos than to duplicate
slides. Videotape is an acceptable alternative to film.

2.6 Communication

Field biologists should have access to project coordi-
nators/study directors in the event they need assis-
tance. Pertinent telephone (including cellular tele-
phone), FAX numbers and email addresses should be
provided.

3.0 EQuIPMENT AND SUPPLIES

The equipment and supplies needed to conduct the
procedures outlined in this guide are listed in Table 1.
The number needed per station or per fish is indicated
unless that number must be determined from the study
plan. The size of sample containers may also need to
be determined from the study plan. Meador and oth-
ers (1993), and Walsh and Meador (1998) present
additional useful information on the collection of fish;
the latter also provide a list of suppliers and vendors
of equipment and supplies.

4.0 Recorp KeepING AND HOUSEKEEPING
ITEMS

Housekeeping activities that should be performed
throughout the sampling day are outlined in Box 1.
Quality assurance measures, including activities to
ensure proper record keeping, are outlined in Box 2.

5.0 GENERAL FiELD PROCEDURES

5.1 Before Leaving on a Collecting Trip

a) If time permits, pre-label enough labels, envelopes
(Figure 1), and containers for the number of speci-
mens you will be collecting given the specifications of
the study plan. Bring extra, unlabeled supplies.

Note: It is also advantageous to label, group, and
package the expendables needed for each fish prior to
arrival on site. The identification numbers may vary
with study plan; consult plan before packaging.

b) Pre-fill the 125-mL bottles with about 85 mL of fix-
ative.

Note: The volumes suggested here are for 10% neutral
buffered formalin. For other preservatives, different

tissue: preservative ratios may be necessary.

+ 10% neutral-buffered formalin is the
preferred fixative because it can be
shipped via ground transport. The
fixative; however, may vary with the
project; therefore, consult the study
plan. Regardless of the fixative used,
it should be handled safely (that is, in
accordance with the MSDS). Fill con(]
tainers under a hood or outdoors, and
wear protective clothing (1ab coat or
long sleeves and pants; latex or vinyl
gloves; and safety glasses, goggles, or
face shield) to prevent eye and skin
contact.

%+ Some preservatives and fixatives are
also flammable, as are acetone and
ethanol. Consult the MSDS for these
materials, and avoid extreme heat and
ignition sources (that is, sparks and
flames).

¢) Check the equipment and supplies list (Table 1) to
be certain all materials and equipment are present, and
check the operation of all equipment (for example,
balance) to ensure that it is functioning properly.

d) All equipment should be clean when it is taken into
the field. Any material that will come in contact with
specimens should be cleaned with cleaning agents that
will not affect later analyses.

5.2 Procedures to be Followed Upon Arrival

at a Station

The preferred minimum size of a sampling team is six
individuals. Once at the station, do the following
before you start sampling:

Divide the team into two groups (of at least three),
if possible. It is suggested that one person in the fish-
processing group be designated as the recorder for the
duration of the sampling at any site. Remember the
person recording has a critical job to assure all por-
tions of the examination and data form(s) (see
Appendix A-1 and A-2) are completed correctly.

Group 1, which includes the trained diagnostician and
the recorder (Figure 2), should:

a) Initiate the Station Identification Form (see
Appendix A-1) for the day’s sampling by recording
the station number, date, station description, start
time, and the names of the team members.

Measure and record on the Station Identification Form
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Table 1. Suggested Equipment and Supplies.

Safety and Other Apparel

Gloves
Disposible latex or vinyl (for fish processors)
Long-sleeved or rubber (for fish collectors)
Work (for general use)

Raingear, boots, etc.

Safety Glasses

Data Collection and Recording Supplies

Camera and film, or camcorder and tape
Clipboards
Forms
Fish Health Examination Form
Station Identification Form
Pens
Ball-point
Waterproof (fine-tipped)
Field Guide, study plan, field notebook
Waterproof paper with pre-printed labels

Cleaning Supplies

Acetone (preferably reagent grade, not crude)

Acetone squirt bottle w/extra 28 mm lid for shipping
and transporting

Alcohol wipes

Beaker

De-ionized water

Garden sprayer or pump spray bottle

Plastic trash bags

Fish Processing Supplies

Aluminum foil

Blunt instrument

Optional: Anesthetic [MS-222 (Finquel®), CO,,
clove oil] depending upon protocol

Bottles, 125-mL polyethylene w/leak-proof tops

Ethanol, 100%

Fixative (10% buffered formalin)

Scale envelopes

Small towels or cloth diapers

Stainless steel pan for weighing fish <2000 g

Collecting and Processing Equipment and Related Materials

120V AC power source (>1 amp)

Calibration weights

Dissecting tools

Electrofishing boat, backpack shocker, or electric seine
and related equipment

Ground-Fault Interrupting (GFI) extension cord

GPS unit

Hand lens

Hanging balance, for large fish

Measuring board, mm

Portable electric balances (preferably DC)

Tubs or live boxes

assorted sizes
3 pr.
3 pr.
enough for all
3 pr.

1
2

1 per fish
1 per station

3
3
1 each

0.5 L, for rinsing instruments
1

50, for hand cleaning

1, 100-mL, for acetone rinse

4 L, for rinsing instruments
optional, for dispensing DI water
number varies, for waste disposal

300 ft, heavy duty
1

1 per fish, for histopathology samples

1.5 L; 95% may be used if necessary

85 mL per fish, for histopathology samples
1 per fish, for scales or spines

1 per fish

optional

1 inverter, generator, or outlet (optional)
1 of appropriate mass for each balance
1 kit

1 optional, depending on balance(s)

1

1

1

1

capacity varies with target taxa

total no. varies with study plan and when
boat has no livewell




ILLUSTRATED FIELD GUIDE FOR ASSESSING ANOMALIES IN FISH

Table 1. Suggested Equipment and Supplies--Continued.

Fish and Tissue Packaging
Coolers

Cloth tags

Ice (wet, cubes or block)
Mailing labels for samples
Shipping labels for samples

Miscellaneous Equipment and Supplies

Cell phone

Conductivity meter

Duct tape

Field guide(s) or other reference(s) for identifying fish

Fire extinguisher (dry chemical, type A, B, and C)

First-aid kit

Flashlights and other lights

Kitchen (poultry) shears or scissors

Material Safety Data Sheets for all chemicals (fixative,
acetone, ethanol, etc.)

Paper towels

Pliers

Portable table and chairs

Shade canopy

Thermometer or other instrument for measuring water
temperature

large (total no. varies with study plan, for
cooling fish composite samples, etc.)

1 per fish

501b

1 sheet

total no. varies with study plan

optional but recommended
for electrofishing
1 roll, for securing sharps containers, etc.

1

1
optional
1 pr.

1 each

1-2 rolls
1 pr.
optional
optional
1

the water temperature (°C) in the general area from
which fish were collected.

b) If AC-powered equipment is to be used, provide
120-V AC, 60-cycle power for the electronic balance
[that is, inverter and 12-V DC boat, vehicle, or trolling
motor (1 amp minimum) battery; portable generator;
electrofishing boat; or a grounded 120-V AC outlet]
(Figures 3a—3c) or use a battery operated portable bal-
ance.

Portable work surfaces (for example, folding table,
tailgate, cooler top) or indoor work areas should be set
up to facilitate a dry, comfortable work area (Figures
3a-3c).

%+ Important! The use of 120-V AC elec(]
trical power outdoors, especially
around water, is potentially hazardous.
The grounding requirements of
portable power devices (that is, gener(]
ators and inverters) vary; read and
follow the instructions supplied with
whatever device you use. Many
portable generators are now equipped
with ground-fault interrupting (GFI)
outlets; if yours is so equipped, use

them. If it is not, use an extension
cord equipped with a GFIL. In
addition, use this type of extension
cord whenever working with electrical
power in the field.

% The use of portable, engine-powered

generators presents additional safety
hazards - fire, burns, and fumes.
Carry fuel only in approved contain(]
ers, and allow the generator to cool
before re-fueling to minimize fire haz[)
ards. In addition, an approved spark-
arresting muffler may be required in
some locales. To avoid fume hazards,
do not use portable generators in
buildings, vehicles, or other enclosed
places.

d) Set up and level the balances.

Note: Setting the balances up inside an empty cooler
on a level spot works well. If it is windy or raining,
close the lid between operations.

e) Power up the balance(s) and ascertain that it (they)
is (are) operating properly by weighing the
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. Cap the acetone squirt bottle and the marking pens when
they are not in use.

Box 1. Suggested Housekeeping Activities, to be Performed as Needed.

. After each fish is processed, thoroughly wash all contact

instruments and dissecting tools with de-ionized water
and rinse them with acetone.

. Keep a logbook of the team’s activities (when the team left,
who was present and what each person did, etc.)

e Make all entries in INK. Use a ballpoint pen that will write
under all conditions on data-entry and other forms.
FORMS SHOULD BE PRINTED ON WATERPROOF
PAPER.

e PRINT legibly.

. Do not use ditto marks () for observations that repeat on a
series of lines. Instead, write the entry on the first and last
applicable lines, and connect the observations with a single
vertical line.

. If you do not obtain a measurement (equipment broken,
etc.), write an explanation in the comment field on the data
sheet.

. If you make a mistake, draw a SINGLE line through the
incorrect entry (e.g. CARP), and initial and date the
correction. Then, indicate the nature of the error in the
appropriate comment field on the data sheet.

e Number sampling sites in accordance with the study plan
under which an investigation is conducted. Each sampling
site should have a unique identifier. Initiate a new Station
Identification Sheet for each day that you sample at a site.

. Number fish collected at a sampling site as instructed by
the study plan. If no numbering system is detailed, fish
should be numbered with a unique identifier (referred to as
the fish identification number) that indicates the ID of the
individual specimen, the sampling site from which it was
collected, and the date of the collection. That same number
will be used an all envelopes and containers used for that
fish.

Box 2. Suggested Quality Assurance and Record Keeping Activities.

. Initiate a new Fish Health Examination Form (see
Appendix A-2 for an example) for each specimen.
Record the species, sex, length, weight, results of the
field health assessment procedures, numbers of tissue
collected, and any further remarks or comments
pertaining to that individual fish.

. To eliminate possible bias in subsequent analyses, all
samples bear the fish identification numbers, but no
other markings.

e  If you photograph (or videotape) any anomalies (i.e.
raised growths, lesions, parasites, etc.), use a previously
prepared tag or scale envelope as a specimen identifier
in each frame. There are spaces for recording the
number of photos taken or the video footage shot in each
section of the Fish Health Examination Form; filling
them in will make it easier to annotate slides or tape
later. It is easier for the recorder if you follow the order
of the Fish Health Examination Form, which follows the
order of this document.

Note: If specimens that are designated as juvenile or
indeterminant are collected, and gender identification
will be made histologically at a later date, group and
bag these specimens separately.

. Check and initial each Fish Health Examination
Form to be certain that all observations have been
made and recorded before proceeding to the next
fish. Do not leave any blank fields on the data sheets
unless specified by the study plan.

appropriate calibration mass. Record the make,
model, and ID or serial number of the balance(s)
and the “before” calibration weight(s) on the
Station Identification Form (Appendix A-1).

All weights should be recorded in grams and the
recorder should confirm that the balance is in the cor-
rect mode at all times. Also, personnel working with
the balances should ensure that any weigh boats or
other equipment being used to hold fish are resting
completely and solely on the weighing platform of the
balance. Check the zero of the hanging balance, and

adjust if necessary using the thumb screw at the top of
the cylinder.

f) Unpack the expendables (bags, tags, labels, and so
forth; Figure 4), and label the containers (if not done
already).

g) Fill a container (tub, bucket, cooler) with ambient
water and pre-soak the diapers or towels to be used to
handle the fish (to remove any detergents or other
chemicals).
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Figure 1. Tag and scale envelope labeled with a unique fish ID
number.

%+ For protection against pathogens and
parasites associated with either the
fish or water, team members handling
the fish and collecting tissues should
wear disposable latex or vinyl gloves.
The gloves should be replaced as necl’
essary if they become torn or punc(]
tured, and disposed of properly.
Hands should be washed with dispos’
able alcohol wipes. In waters known
or suspected to harbor Pfiesteria sp. or
other pathogens, fish collectors and
handlers should take extra precautions
by wearing long gloves or sleeve prol]
tectors.

Figure 2. Diagnostician and recorder conducting a fish health
assessment. ogists processing fish.
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GolSment and supplies.
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d) Place the fish, in its towel, on the previously tared
electronic balance. If the fish is too heavy for the bal-
ance, unwrap it and weigh it on the hanging balance.
A tared holding container (such as a stainless steel,
plastic, or aluminum pan) can be used to weigh fish
<2000 g on the larger capacity electronic balances.

e) Record the weight of the fish (£1 g) on the Fish

Health Examination Form.

Note: Check the zero and the operational mode of the
balance between each fish, and re-adjust or tare as
necessary.

f) Unwrap the fish and measure it on the measuring
board (total length, in millimeters; squeeze the caudal

9

Flow Chart

l

[ Weigh & measure fish |

l

[ Conduct remaining external examination

—» See Section 6.2, Procedures
for External Examination

l

[ Anesthetize/Subdue fish |

l

[ Collect scales/spines from left side of fish |

l

Collect normal and abnormal
external tissue in fixative

l

[ Conduct internal examination

See Section 6.3, Procedures

l

| Discard carcass*

for Internal Examination

*Carcass may be frozen for residue analysis (see Schmitt and others, 1999)
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fins together — Figures 6a and 6b).

g) Record the total length (mm) on the Fish Health
Examination Form (See Figure 6a).

Figure 6a. Length measurements and scale sampling areas for
spiny-rayed fish. From Lagler, Freshwater Fishery Biology, (1956)
Wm. C. Brown Publishers, used with permission from the McGraw-
Hill Companies.

h) Conduct the external examination of the head sur-
face and the eyes at this time (per instructions under
Section 6.2). DO NOT remove anomalies at this
time - the fish has not been subdued.

i) To subdue fish, expose the anterior dorsal surface of
the specimen and, with a blunt instrument, subdue the
fish with a sharp blow to the 